Multi-cause proportionate mortality models used by the Child Health Epidemiology Reference Group of the World Health Organization to estimate deaths have recently shown that of the estimated 8.8 million deaths in children younger than 5 yr worldwide in 2008, infectious diseases caused 68 per cent, with 15 per cent due to diarrhoea[@ref1]. The acute illness causes a heavy disease burden on individuals and the healthcare system, but may also have long-term consequences on the physical and mental development of children[@ref2]. Hence, adequate preventive measures need to be considered to decrease disease burden and prevent subsequent disability.

Rotavirus results in about half a million deaths annually in the world[@ref3], and in India, it accounts for approximately 39 per cent of diarrhoeal admissions[@ref4], making the case for considering vaccination as a preventive strategy. However, in evaluating the possible deployment of vaccines, it is essential to consider the economic burden of the disease and the cost of vaccination. Several studies from Asia have demonstrated that rotavirus is the main cause of diarrhoeal disease in children and constitutes a considerable economic burden. A study from Vellore[@ref5] showed that 5.8 per cent of the annual household income was spent on one hospitalization of a child due to rotavirus diarrhoea. Another study[@ref6] showed that India spends ![](IJMR-136-68-g001.jpg) 2.0-3.4 billion annually to treat rotavirus disease in children less than five years of age. This study used the costing data from two geographical regions in India and hypothetically calculated the overall burden for the whole country.

In this pilot study, we present data from a pilot project to estimate the direct costs of hospitalization due to diarrhoea in different geographical regions in India and at different types of medical facilities in the context of an ongoing surveillance network for rotavirus gastroenteritis.

Material & Methods {#sec1-1}
==================

A multi-centre, hospital-based network with four laboratories and 10 hospitals in seven different regions of India carried out rotavirus strain surveillance from September 2005 to June 2009. At each hospital, children aged \<5 yr who presented with acute gastroenteritis and required hospitalization with rehydration for at least 6 h were enrolled[@ref4]. For the costing study, families of children hospitalized with acute gastroenteritis between November 2008 and February 2009 were asked for information on costs incurred due to the diarrhoeal admission. The study was approved by the institutional review boards or ethics committees of all the recruiting hospitals and a separate consent was obtained for participating in the costing study.

The questionnaires for estimating costs were based on the WHO guidelines[@ref7] for estimating the economic burden of diarrhoeal disease. The questionnaires assessed direct medical costs, non-medical indirect costs and lost wages (indirect costs), which were calculated for pre-visit and inpatient costs for all hospitalizations. Monthly estimated expenditures for food, education, rent, household items and medical care were multiplied by 12 to obtain annual household expenditure. The sample size was determined based on the WHO guidelines[@ref7], using an estimate of at least 500 patients having been treated at each facility in the past year, with a coefficient of variation of 0.5 and a precision of 15 per cent, which would require 41 patients at each facility. However, because feasibility and resources did not permit sampling for one whole year, the size was increased to 50 at each site, even though the study was carried out during the winter when disease burden in northern India is known to be greater[@ref4]. Since this was a pilot study nested within a strain surveillance study, sample size calculation and analysis were not adjusted for design effect or clustering.

Participants were enrolled from four study sites with eight reporting hospitals, categorized as non-profit referral and non-profit concessional, private and government facilities. The study site from the southern region, Christian Medical College (CMC), Vellore, was represented by the main hospital which operates as a no-profit, no-loss basis referral hospital for general patients and the Community Health and Development Hospital (CHAD), which is a low cost unit offering concessional care to the community. At CMC, patients pay for all direct costs incurred including for admission, diagnostic tests and drugs and these are calculated for the general ward on a no-profit, no-loss basis. At CHAD, the patients pay for all direct costs incurred including for admission, diagnostic tests and drugs, but the facilities provided are basic, with less nursing and diagnostic support and costs are calculated at a concessional rate that is approximately two-thirds of actual health care facility costs. The King Edward Memorial Hospital (KEM), Shaishav Children\'s Hospital and Bharati Hospital, all non-governmental private institutions, were the reporting hospitals for the National Institute of Virology (NIV) at Pune, representing the western region, and patients pay for all direct costs incurred including for admission, diagnostic tests and drugs as calculated by the respective hospital management. The B.C. Roy Memorial Government Hospital (BCH) and ID & B General Government Hospital (ID & BG) were under the National Institute of Cholera and Enteric Diseases (NICED), Kolkata, in the eastern region and patients pay no cost for admission, but may have to pay for drugs not available in the Hospital Pharmacy. The All India Institute of Medical Sciences (AIIMS), New Delhi, was the study site for the northern region, where patients pay a standard fee at attendance, but do not pay for admission, diagnostic tests or drugs. At all sites, costs related to travel, stay, food, *etc*., are borne by patients and their families.

Faecal samples collected from children were tested for rotavirus by an enzyme-linked immunosorbent assay[@ref4].

Results {#sec1-2}
=======

Initially, each centre was expected to enroll 50 patients during the study period. The centres from Vellore and Delhi could enroll 50 patients each, while the centre at Kolkata could enroll only 25 patients, and the centre from Pune, with three private hospitals, enrolled 86 patients. Hence it was decided to retain all 211 participants with complete data. The enrollment was as follows, 22 from CHAD hospital, 28 from CMC, 75 from government hospitals (AIIMS-50 and NICED-25) and 86 from private institutions (KEM-10, Shaishav Children\'s Hospital - 39 and Bharathi Hospital- 37) . The mean age of enrolled children was 14 months (inter-quartile range, IQR 1-58 months), with 71 (34%) females and 139 (66%) males. On an average, the children had traveled 62 min (IQR 5 to 240 min) to reach the facilities. The median hospital stay was three days (IQR 2 -5 days). Overall, 164 samples were collected from 211 patients, of which, 124 samples were adequate for testing. Reasons for non-collection of samples were that the child either passed stool at night or did not pass a stool after admission. Of the 124 samples tested, 66 (53%) had rotavirus identified in stool.

The mean total cost of hospitalization for one diarrhoeal episode was ![](IJMR-136-68-g001.jpg) 3633 (US\$ 66.05, 1 US\$=55 ![](IJMR-136-68-g001.jpg) for any-cause diarrhoea and that for children admitted with rotavirus diarrhoea was ![](IJMR-136-68-g001.jpg) 2,956 (US\$ 53.75) across all facilities. The mean expenditure for one diarrhoeal episode for non-profit referral hospital and private hospitals were ![](IJMR-136-68-g001.jpg) 6634 and 6071, respectively. For non-profit low-cost/concessional hospital and government hospitals it was ![](IJMR-136-68-g001.jpg) 1869 and 233, respectively ([Table](#T1){ref-type="table"}).

###### 

Mean and inter-quartile range of costs in Indian Rupees (![](IJMR-136-68-g001.jpg)) per diarrhoeal episode at different study sites and for rotavirus positive diarrhoea

![](IJMR-136-68-g002)

During one diarrhoeal admission, on an average, 36 per cent of the expenses were on the hospital visit/admission costs followed by 18 per cent medication costs, 13 per cent diagnostic costs and 11 per cent prehospital visit costs. Non-medical costs accounted for 21 per cent of the overall expenses.

The [Fig.](#F1){ref-type="fig"} shows the proportion of expenditure on cost heads for the different treating facilities. In the private, non-profit referral and non-profit low cost/concessional hospital, or all categories of non-governmental hospitals, the largest proportion of expenditure was on hospital visit costs. In the government hospitals, the largest proportion of the expenditure was towards non-medical expenses. Among the 86 patients admitted to private hospitals, 55 (64%) had sought treatment from other medical facilities prior to admission.

![Proportion of costs for different treating facilities and rotavirus positive cases.](IJMR-136-68-g003){#F1}

Of the 211 patients enrolled, 136 (64%) sought treatment from non-governmental facilities and 82 of 136 (60.2%) borrowed money to pay for the diarrhoeal admission. The median annual household income across all the facilities was ![](IJMR-136-68-g001.jpg) 34,800 (US\$ 773), with 6.4 per cent of annual income spent on one diarrhoeal episode. In rotavirus positive children, the income and proportional expenditure were ![](IJMR-136-68-g001.jpg) 20,340 (US\$ 452) and 7.6 per cent, respectively.

Discussion {#sec1-3}
==========

Rotavirus infection occurs universally in developed and developing countries. Though rotavirus is spread mainly through the faeco-oral route, improvement in hygiene does not reduce the disease prevalence. Infection with mild to moderate dehydration can be treated with oral rehydration, while severe infections need specialized care, which may not always be available in developing countries. Hence, implementation of affordable and effective vaccines to prevent morbidity and mortality associated with rotavirus diarrhoea is needed. In order to evaluate cost-effectiveness of vaccines in the public health system, the economic burden of rotavirus diarrhoea must be estimated to carry out relevant analyses. In our study, the overall mean cost for treating one episode of rotavirus diarrhoea across the country was ![](IJMR-136-68-g001.jpg) 2,956 (US\$ 53.75). The estimates from India fall within the range of cost estimates for diarrhoeal hospitalizations available from Vietnam (US\$ 36), Ghana (US\$ 65.14-133.86) and Kenya (US\$ 100)[@ref8]--[@ref10]. Since healthcare costs in most middle-income and developed countries are higher, estimates of the costs of hospitalization are also high, up to US\$ 3135 in privately insured US children hospitalized for rotavirus gastroenteritis[@ref11].

In this study, the patients were seen in several parts of the country and in different kinds of facilities, providing a wide range of costs that made it possible to estimate cost components for almost all kinds of facilities. As expected, direct costs were higher for non-governmental facilities, because treatment at the government hospitals is provided at a subsidized rate and, therefore, the bulk of the direct expenditure was on food, accommodation and transport rather than the real costs of provision of health care. Additionally, in government facilities, the average number of days of admission was lower, resulting in lower costs. In this study, higher costs were reported from non-governmental health care facilities, with private and the non-profit referral hospital having almost similar overall costs. However, as might be expected laboratory or diagnostic costs formed a significant proportion of the expenditure at the referral hospitals, but medication costs were higher at the private hospitals.

Previously, the rates of rotavirus positivity in India have been shown to be between 35 to 53 per cent and 6 to 45 per cent at different kinds of facilities[@ref12][@ref13]. In this study, 53 per cent of the tested samples were positive for rotavirus. There was little difference in the proportion of expenditure spent on different cost categories between all-cause diarrhoea and rotavirus positive diarrhoea.

Hospitalization for a single diarrhoeal episode consumed a median of 6.4 per cent of annual income. This is consistent with previous studies conducted in India at Vellore where hospitalization for diarrhoea required a median expenditure of 5.8 per cent of annual income[@ref5]. This was a significant burden on individual households as approximately 70 per cent of expenditure on health care is estimated to be borne by households in India[@ref14].

For decreasing the burden of diarrhoeal disease, several interventions and treatments are available. Interventions that prevent diarrhoea include improvements in water supplies, sanitation and hygiene, the promotion of breastfeeding, vitamin A supplementation, and vaccination against rotavirus, while treatment for diarrhoea include oral rehydration salts, zinc supplementation, and antibiotics for dysentery[@ref15]. Of the vaccines available, the two currently widely available rotavirus vaccines cost between ![](IJMR-136-68-g001.jpg) 2200 and 2700 per course. An analysis based on available data indicates that a universal rotavirus vaccine programme for India could be cost-effective based on a decision rule whereby an intervention that averts one disability-adjusted life-year for less than India\'s GDP per capita (US\$ 1017 in 2008) is considered to be a highly cost-effective intervention[@ref16]. However, if in the future, local manufacturers make available the vaccine at a much lower price per dose, rotavirus vaccine may offer an important option for the Government of India to help reach the Millenium Development Goal 4 target[@ref17].

This pilot study did not take into account several factors, including the severity of disease, the availability of other systems of medicine, healthcare utilization patterns and the actual costs to the healthcare system, all of which can play an important role in determining the treatment required and the economic burden of diarrhoeal disease on society. However, the data obtained from direct costs alone by sampling multiple facilities have shown that diarrhoeal disease constitutes a large economic burden on Indian families. Preventive strategies are needed to reduce mortality, morbidity and the economic burden due to diarrhoeal disease.
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